The aim of this study was to investigate the frequency of blood count, lymphocyte subpopulations, and immunoglobulin levels alterations in a group of healthy nephroblastoma long-term survivors. The group included 122 nephroblastoma longterm survivors who were at least five years post anticancer therapy and free of any sign of recurrence The proportion of lymphocyte subpopulations was analyzed by flow cytometry using antibodies anti CD45 FITC/CD14 PE, anti CD3 FITC/ CD16+CD56 PE, anti CD4 FITC/ CD8 PE and anti CD20 FITC. Immunoglobulin G, A, and M levels were evaluated by immunoturbidimetry. Total blood count was also examined. The occurrence of decreased immunoglobulin levels, leukocytes, lymphocytes, and granulocytes count, proportion of T lymphocytes and their CD4+ subpopulation are not frequent. The most frequently decreased lymphocyte subpopulation was CD8 (15.5%). The most frequent abnormal findings were increased proportion of NK cells (38.5 %), B lymphocytes (38,52 %), decreased number of erythrocytes (25.2 %), hemoglobin levels (41.7 %) and hematocrit (13.9 %). The only significant differences between results of immunological examination and course of the disease were more frequently decreased proportion of CD4+ lymphocytes in recurrent disease survivors and lower IgA levels in survivors after radiotherapy. We found decreased at least one immunological parameter in one fifth of the survivors. The most frequently altered parameter was hemoglobin, which was decreased in 41.7 % of survivors. Decraesed hemoglobin may worsen quality of survivors´ life.
The success of therapies used in the treatment of childhood cancer has brought a group of maturing individuals, pursuing the normal experiences of life. Out of 1,000 twenty-year-olds, there is one who is a survivor of childhood cancer [1] . Nearly one half of young adult survivors of childhood cancer have at least one major adverse outcome of their health status resulting from cancer therapy [2] . Chemotherapy and radiotherapy are the cause of immunodeficiency and pancytopenia because almost all cytostatic drugs and irradiation of lymphatic tissue and bone marrow have immunosuppressive and myelosuppresive effect. The long-term immunological and hematological offspring of anticancer therapy have not been equally studied until now.
Nephroblastoma caused approximately seven percent of all childhood malignant tumors and its incidence rate is about eight cases per million in Caucasian children who are less than fifteen years of age [3] . Developments in surgery, recognition of its sensitivity to irradiation, and the availability of several active chemotherapeutic agents have led to a change in the prognosis for nephroblastoma patients with this once incurable malignant tumor [4] . Survival rate of nephroblastoma patients in our department between the years of 1996-2000 was 90 % [5] .
The aim of this study was to investigate the frequency of blood count, lymphocyte subpopulations, and immunoglobulin levels alterations in a group of long-term survivors of nephroblastoma.
Patients and methods
One hundred twenty two long-term survivors of nephroblastoma treated at the University Hospital Motol, be- tween April 1980 and April 2001 were examined. They were treated according to therapeutic protocols SIOP-6 (years 1980-1986), SIOP-9 (years 1987-1993) and SIOP93-01GPHO (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) . None of them underwent megatherapy with subsequent hematopoietic progenitor cells transplantation. Examination for this study was done at least five years after finishing of anticancer therapy and all survivors were free of any sign of tumor recurrence. Survivors' characteristics are shown in Table 1 .
At the time of blood collection for immunological examination survivors were examined by pediatric oncologist (J.R) and were found to be without any sign of recurrence or any acute disease. None of the survivors had recurrent infections, new allergic disease or allergic symptoms in history. Proportions of lymphocyte subpopulations were analyzed in all 122 survivors by flow cytometry (FACSCalibur, BD, San Jose, CA) using antibodies produced by Immunotech (Beckmann Coulter, Nyon, Switzerland). Antibodies used were anti CD45 FITC/CD14 PE (for correct lymphocyte gating), anti CD3 FITC/ CD16+CD56 PE (all T and NK cells), anti CD4 FITC/ CD8 PE (T helper and T cytototoxic/supressor cells) and anti CD20 FITC (all B cells). Immunoglobulin G, A, and M serum levels were examined in 99 survivors by immunoturbidimetric assay by analyzer ADVIA 1650 (Bayer, Tarrytown, NY) with reagents produced by Dako (Dako, Glostrup, Denmark). Total blood count was examined in 115 survivors.
Results of an immunological examination and of the blood count were compared with our reference values (see Table 2 .) and correlated with anamnestic data concerning nephroblastoma and anticancer therapy. After classifying the results in a frequency, a 2 x 2 table chi square test with Danderar´s correction was performed to study the relationship between different categories. All numerical data were presented as mean ± standard deviations and analyzed statistically using Student's t-test. Correlations between the immunological parameters were evaluated by nonparametric Spearman's coefficient. For the statistical examination, SPSS version 10.1 software was used.
Results
The percentage of blood count parameters, immunoglobulin levels, and lymphocyte subpopulations which are out of reference values and average values are shown in Table 3 . Decreased immunoglobulin levels were not frequent, and decreases were rare in the number of leukocytes, granulocytes and lymphocytes and proportion of T lymphocytes and their CD4+ subpopulation. The most frequently decreased lymphocyte subpopulation was CD8+, which was under reference values in 19 (15.5 %) survivors. Twenty five (20.5 %) survivors had at least one immunological parameter (immunoglobulin levels and/or Decreased values were seen frequently in numbers of erythrocytes (25.2 %), hemoglobin levels (41.7 %) and hematocrit (13.9 %). Granulocytes were decreased in 12 survivors (10.4 %) and there were decreased lymphocytes in two (1.7 %). Those parameters were decreased only slightly. Four cases (3.5 %) of decreased hemoglobin were hypochromic, with the rest of cases (38.3 %) found to be normochromic.
The only significant differences between the results of immunological examination and the disease course were more frequently decreased proportion of CD4+ lymphocytes in recurrent disease survivors (p < 0.05, chi square test with Danderar´s correction as 2 x 2 table) and lower IgA levels in survivors who were treated by radiotherapy (p<0,05, t-test). There were no significant differences in the results of immunological and hematological examinations between survivors treated according to different protocols and lenght of interval after finishing of anticancer therapy . There were no significant differences between the course of the disease and any parameter of the blood count.
The correlation of immunological parameters and total blood count is shown in Table 4 . There were significant positive correlations between the percentages of CD3+ and CD4+ cells, IgG and IgA, and IgA and IgM levels. We found significant negative correlations between percentages of NK cells and CD3+ and CD4+ cells, and between percentages of CD20+ and CD3+ and CD8+ cells. The percentage of CD3+ and CD4+ negatively correlate, while percentages of NK cells positively correlate with erythrocyte count, hemoglobin levels and hematocrit.
Discussion
Our results showed that rarely is there a decrease of lymphocyte subpopulations or immunoglobulin G, A or M levels in healthy, long-term nephroblastoma survivors. The most frequent abnormalities were increased proportions of NK cells (CD3-CD16+ CD56+) and B lymphocytes (CD20+), which were found in more than one third of these long-term nephroblastoma survivors. One fifth of the survivors in our group had at least one immunological parameter decreased. This is less than in group of Hodgkin's disease survivors in which we found 38 % to have decreased CD4/CD8 ratio and/ or percentage of CD3+ lymphocytes [6] while in this group of nephroblastoma survivors it was only 14.8 %. We suppose that in Hodgkin's disease, the defects in the immune system are inherent [7] but in nephroblastoma survivors it is mainly caused by the anticancer therapy. Limited information is available about the changes of immunity in untreated patients suffering from nephroblastoma since this was described in only one study from 1986, which found a weakly decreased percentage of T lymphocytes with high affinity receptors for sheep red blood cells and lower response of lymphocyte to phytohemaglutinin in the patients with nephroblastoma at the time of diagnosis [8] . Decreased proportion of CD4+ lymphocytes in recurrent nephroblastoma survivors is more likely caused by the more intensive and longer therapy used to cure the recurrence.
Decrease of erythrocytes, hematocrit and hemoglobin were only slightly (>100 g/l in female, >110 g/l in male) subnormal and asymptomatic. The majority of cases of anemia were normochromic with hemoglobin levels higher than 100 g/l in female and 110 g/l in male. We suppose that this decrease is more probably caused by the anticancer therapy. Bone marrow examination was not performed because of ethical reason. Serum erythropoietin levels, which were examined only in six survivors from technical reason, were normal in all examined survivors. One of them had decreased hemoglobin level (male, hemoglobin levels 129 g/l). There were described that erythropoietin and hemoglobin levels were normal by the fourth month after unilateral nephrectomy in kidney donors Table 4 . Correlation of immunological parameters and blood count. + postive correlation p< 0,05; ++ postive correlation p< 0,01; -negative correlation p< 0,05; -negative correlation p< 0,01.
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Hb Ery [9] . We found decreased levels of hemoglobin in 78.8 % of 260 Hodgkin's disease survivors (unpublished results). Therefore we suppose that lower hemoglobin levels are not consequence of nephrectomy. Also, a decreased granulocyte count was only borderline, with the lowest count being 1,4 x 10 9 / l. There is only limited knowledge about erythrocytes counts and hemoglobin levels in long-term cancer survivors, even though myelotoxicity is one of the most frequent side effect of chemotherapy, approximately 80 % of children treated for malignant tumors have severe anemia at the time of chemotherapy [10] . As we know just Polish authors described late hematological complication only in one survivor from the group of thirty five adult people, who received aggressive chemotherapy, and were observed 3, 5 and 10 years after finishing of therapy [11] .
Immunological abnormalities in nephroblastoma survivors were symptom-free. On the other hand, one may speculate that defects of cellular immunity in childhood cancer survivors may contribute to the occurrence of secondary malignancies. There was described that nephroblastoma survivors treated according to protocol SIOP 1, 2, 5, and 6 suffering four times more likely from secondary cancer [12] . This is significantly less than in the group of all childhood cancer survivors, where there is a risk of secondary cancer six times higher than in a normal population [13] . There were no cases of secondary malignancy in our group of long-term nephroblastoma survivors. This difference may be caused by using less cancerogenic chemotherapy in nephroblastoma.
Negative correlations between percentage of NK cells and CD4+, and between CD20+ and CD8+ cells indicate that increase of the percentage of NK cells is to the prejudice of CD4+, while an increase of CD20+ goes along with a decrease in the percentage of CD8+ cells. Negative correlations of erythrocyte count and hemoglobin with CD3+ and CD4+ cells percentage is difficult to explain.
In conclusion, we found at least one immunological parameter decreased (the percentage of lymphocyte subpopulations and/or immunoglobulin G, A and M levels) in one fifth of long-term nephroblastoma survivors. More frequently, what was found was a decreased proportion of CD4+ lymphocytes in survivors with recurrent disease and lower IgA levels in survivors who were treated by radiotherapy. The most frequently altered parameter was hemoglobin level which was decreased in 41.7 % of survivors. Decraesed hemoglobin levels may worsen quality of survivors´ life because symptoms of mild anemia (tiredness, decreased labour efficiency) may be noteless by patients.
